Abstract: Agricultural practices, including tillage, fertilization, and residue management, can affect surface runoff, soil erosion, and nutrient cycling. These processes, in turn, may adversely affect (1) quality of aquatic resources as habitat for amphibians, fish, and invertebrates, (2) costs of treating surface and ground water to meet drinking water standards, and (3) ], and dissolved organic N) and sediment active within 40 subbasins of the Calapooia River Basin in western Oregon in monthly samples over three cropping years. The subbasins included both independent and nested drainages, with wide ranges in tree cover, agricultural practices, slopes, and soils. Sediment and N form concentrations were tested against weather and agricultural practice variables. Subbasin land use ranged from 96% forest to 100% agriculture. Average slopes varied from 1.3% to 18.9%, and surface water quality ranged from 0.5 to 43 mg L -1 (ppm) total N maxima and 29 to 249 mg L ], and newly planted stands of perennial ryegrass and clover) and negatively related to cover by trees and one seed crop, Italian (annual) ryegrass (Lolium multiflorum). Results for NO 3 − and total N were highly similar. Sediment concentrations were most strongly related to rainfall totals during periods of 4 and 14 days prior to sampling, with smaller effects of soil disturbance. Fourier analysis of total N over time identified four prominent groups of subbasins: those with (1) low, (2) ) and a weak time series signal. Preponderance of N in streams draining agriculturally dominated subbasins was in the form of the NO 3 − ion, implying mineralization of N that had been incorporated within plant tissue following its initial application in the spring as urea-based fertilizer. Since mineralization is driven by seasonal rainfall and temperature patterns, changes in agronomic practices designed to reduce prompt runoff of fertilizer are unlikely to achieve to more than ~24% reduction in N export to streams.
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], ammonium [NH 4 + ] , and dissolved organic N) and sediment active within 40 subbasins of the Calapooia River Basin in western Oregon in monthly samples over three cropping years. The subbasins included both independent and nested drainages, with wide ranges in tree cover, agricultural practices, slopes, and soils. Sediment and N form concentrations were tested against weather and agricultural practice variables. Subbasin land use ranged from 96% forest to 100% agriculture. Average slopes varied from 1.3% to 18.9%, and surface water quality ranged from 0.5 to 43 mg L -1 (ppm) total N maxima and 29 to 249 mg L [Trifolium spp.] , and newly planted stands of perennial ryegrass and clover) and negatively related to cover by trees and one seed crop, Italian (annual) ryegrass (Lolium multiflorum). Results for NO 3 − and total N were highly similar. Sediment concentrations were most strongly related to rainfall totals during periods of 4 and 14 days prior to sampling, with smaller effects of soil disturbance. Fourier analysis of total N over time identified four prominent groups of subbasins: those with (1) low, (2) medium, and (3) high impacts of N (up to 2, 8, and 21 mg L -1 , respectively) and a strong cyclical signal peaking in December and (4) those with very high impact of N (up to 43 mg L -1 ) and a weak time series signal. Preponderance of N in streams draining agriculturally dominated subbasins was in the form of the NO 3 − ion, implying mineralization of N that had been incorporated within plant tissue following its initial application in the spring as urea-based fertilizer. Since mineralization is driven by seasonal rainfall and temperature patterns, changes in agronomic practices designed to reduce prompt runoff of fertilizer are unlikely to achieve to more than ~24% reduction in N export to streams.
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Impacts of agricultural production practices on ecosystem processes across landscapes are varied and complex. Key concerns in agriculturally dominated landscapes include soil erosion, off-site movement of fertilizer nutrients (primarily nitrogen [N] and phosphorus [P] ), altered hydrology, removal/impairment of critical habitat used by wildlife, and global climate change through production/sequestration of greenhouse gases, such as carbon dioxide (CO 2 ) and nitrogen oxides (NO X ) (USDA NRCS 2009; Mausbach and Dedrick 2004; Schnepf and Cox 2007) . Mandated changes in tillage operations, fertilization practices, and crop rotations using a one-size-fits-all approach are likely to decrease production efficiency in the short-term, with little assurance that intended reductions in negative environmental effects will not be at least partially offset by unintended changes in other ecosystem services (Huang et al. 1996; Johnson et al. 1991; Whittaker 2005) .
Nitrate nitrogen (NO 3 − -N) was identified in the National Water Quality Assessment as a particular concern because concentrations in streams and shallow groundwater were found to often "exceed standards for protection of human health and/or aquatic life" and because detectable changes over recent periods were usually trends of increasing rather than decreasing concentration (Dubrovsky et al. 2010) . Standards or levels of concern for N include 10 mg L -1 (ppm) -N) and 6,000 mg L -1 urea-N in surface water used by the Pacific treefrog Nebeker 1999a, 1999b) , and from 1 to 7 mg L -1 ammonia (NH 3 ) for chronic exposure by fish (USEPA 1999) . Linkage between the export of NO 3 − from the entire Mississippi− Missouri River drainage basin and the severity of hypoxic conditions in large areas of the Gulf of Mexico near the river's mouth illustrates the vast geographic scope of issues regarding off-site movement of ecologically damaging levels of nutrients, nutrients that are nonetheless crucial for modern agricultural production (Turner and Rabalais 1994; Rabalais et al. 2002) .
In line with their suggestion that "strategic integration of perennial plants in agricultural landscapes" should be "a fundamental strategy for restoring agroecosystem health and function," Schulte et al. (2006) encouraged research into the possibility of disproportionate benefits depending on specific locations of perennials within the landscape. In addi-tion to the issue of strategic locations, they also asked (but did not answer) how much of an annual-crop-dominated landscape would need to be converted back to perennials to significantly improve conditions. In a thorough review of ways to reduce NO 3 − export from tile-drained soils of the northern US Corn Belt, Dinnes et al. (2002) listed winter cover crops, riparian buffers, constructed wetlands, and diversified crop rotations, including perennial species, amongst a suite of altered crop management and land use practices that could be each expected to incrementally reduce NO 3 -export from midwestern farms.
Through its first five years, the Conservation Effects Assessment Project (CEAP) focused primarily on the water and soil quality impacts of conservation practices applied to cropland, with study sites comprising 14 long-term benchmark watersheds, 13 competitive grant watersheds, and 11 special emphasis watersheds (Duriancik et al. 2008 ). Central components of CEAP included measurements of NO 3 − and sediment loads in rivers draining study watersheds and modeling the effects of observed and potential land use changes on NO 3 − and sediment concentrations and exports, primarily through use of the Soil Water Assessment Tool (SWAT) (Nietsch et al. 2001a (Nietsch et al. , 2001b and data envelopment analysis with Pareto optimization (Confessor and Whittaker 2007; Whittaker et al. 2009 ). As an example of the interpretation that SWAT can bring to CEAP watersheds, conversion by farmers of 248 ha (613 ac ) of land converted, while restoration of native prairie and savanna on large areas of the nearby Walnut Creek Watershed decreased NO 3 − export (Schilling and Spooner 2006; Jha et al. 2010) .
A common factor in most published research on relationships among soil and water quality parameters, agronomic practices, and land use patterns is heavy weighting toward production of annual crops under intensive management on highly disturbed landscapes. While such conditions are important to study due to their widespread geographic occurrence and the ongoing necessity of supplying food and fiber for humanity, ecological benefits of large-scale production of perennial grain or biofuel crops remain largely hypothetical due to the general dearth of landscape-scale studies of suitable proxies for these developing potential crops. In contrast to midwestern landscapes, nearly 50% of agriculturally cropped land in the Willamette River Basin of western Oregon is undisturbed by tillage in any given year, with over 81% retention from one year to the next of established perennial grasses and legumes (MuellerWarrant et al. 2011) . Additionally, the majority of land disturbed by tillage is fall-planted to the rapidly establishing species Italian (annual) ryegrass (Lolium multiflorum Lam.), further limiting opportunities for soil erosion and loss of nutrients. Two major water quality concerns previously reported for western Oregon agriculture were late fall through early winter peaks in NO 3 -in runoff from conventionally tilled fields and occasional detections of high concentrations of both NO 3 -and NH 4 + ions in the first rainfall events following springtime fertilization of wheat (Triticum aestivum L.), with 120 to 140 kg ha -1 (107 to 125 lb ac -1 ) N from ammonium nitrate (Harward et al. 1980) . Even though NO 3 -concentrations exceeded 10 mg L -1 in only 2 out of 51 Willamette Basin streams sampled by United States Geological Service (USGS) in 1993, there was a strong positive relationship between percentage of agricultural land in drainages and NO 3 -concentrations in stream water (Wentz et al. 1998) .
Study of an herbaceous riparian buffer located between a western Oregon grass seed field and a small stream found that high rates of denitrification occurred in groundwater within the buffer, leading to the presence of less than the detection limit of 0.05 mg L -1 NO 3 -by 6 m (19.69 ft) into the buffer from the edge of the grass seed field (Davis et al. 2007 (Davis et al. , 2008 Wigington et al. 2003) . However, the research also showed that shallow groundwater passing through the buffer amounted to less the 1% of total streamflow during the winter, with the remaining 99% coming from overland flow paths originating in grass seed fields (Wigington et al. 2003) . A study of five catchments in western Oregon found higher NO 3 -concentrations in winter than in spring (Wigington et al. 2005) . The study also found that stream networks expanded in density by nearly two orders of magnitude between the perennial streams of summer and all drainages in the winter, with greatest expansion occurring in the catchment with the lowest relief, most slowly infiltrating soils, and highest proportion of grass seed crops. The authors expressed concern that "water moving from agricultural fields into expanded stream networks during large hydrologic events has the opportunity to bypass downstream riparian buffers along perennial streams and contribute nonpointsource pollutants directly into perennial stream channels." Soil physical properties played a major role in effectiveness of western Oregon riparian buffers, and surface versus groundwater flows in a well-drained riparian forest were very different from those in a neighboring grass seed field situated on poorly drained soil (Davis et al. 2011) .
Where new or modified agricultural production practices are needed to reduce contamination of surface waters by transported sediment, dissolved nutrients, and agrichemicals, careful discernment of the underlying issues is vital for the realization of cost-effective solutions. Are the sources of nutrients, sediment, and other pollutants transported in rivers and streams so ubiquitous that nearly all producers will need to modify their tillage, fertilization, and pest management practices to minimize negative effects on ecosystems? Alternately, are high concentrations of nutrients, sediment, and agrichemicals in aquatic environments primarily sporadic occurrences associated with specific, adverse combinations of weather events and crop management practices on individual fields and potentially amenable to focused implementation of improved best management practices? Given that there is always some flux of N in natural systems, the question is not whether agricultural losses of N can be reduced to zero, but whether the increased availability of N in ecosystems downstream from agricultural fields is high enough to impair their functioning (Pacific Fisheries Management Council 1999) . Similar questions exist for P, sediment, and other pollutants.
Because interactions among agronomic practices (e.g., fertilizer application, tillage for seed-bed preparation, and residue management), rainfall patterns, soil temperatures, and crop canopy and root development collectively define an inherently complex availability of N for leaching (or exposed soil for erosion) that changes over time, it is a common practice to use sine and cosine of time as explanatory variables in regression models of water quality measurements (Mueller and Spahr 2005 [Nx] ) can achieve arbitrarily close fits to any temporal signal (Bliss 1958) . When more than a single cycle's data are analyzed together, Fourier series analysis of sufficiently high order can match the average values on each day of the year but not the individual values, unless they happen to be identical for some particular calendar date. While rigorous treatment of the statistical properties of regression models incorporating Fourier series can become quite elaborate (Bliss 1958; Stolwijk 1999) and are beyond the scope of this paper, several relatively simple concepts are worth repeating. First, the general form for plotting simple periodic variables is what is referred to as a sinusoidal or sine curve:
In this equation, a 0 is the mean response over the entire time cycle, A is the semiamplitude equal to half the range from minimum to maximum, c is (2π) ÷ k where k is the number of equal subdivisions of the cycle period used in the analysis, t is time in integer values from 1 to k (or equivalently from 0 to k-1), and θ is the phase angle or time in radians when the function reaches its maximum. Second, because the time phase shift θ is an unknown value not easily computed directly from equation 1, the equation is usually rewritten in the following form where coefficients can be readily found using ordinary least squares regression:
In this equation, a 0 , c, and t have the same definitions as in equation 1, while a 1 and b 1 are simply regression coefficients that can be used to derive A and θ of equation 1 by use of the following formulas:
The general Fourier series approximation with order N pairs of sine and cosine terms can be written as
The sine and cosine terms are typically viewed as joined pairs of variables with a combined two degrees of freedom when their significance is tested, as they are really both needed to determine the values of A and θ in equation 1 (or A 1 through A N and θ 1 through θ N in the Nth degree Fourier series version, equation 5). Omitting either the cosine or sine term from equation 2 is equivalent to testing a null hypothesis that the phase shift angle θ is either π ÷ 2 or 3π ÷ 2 radians (e.g., 3 or 9 months) if the cosine term is dropped and either 0 or π radians (e.g., 0 or 6 months) if the sine term is dropped. While such tests can be meaningful if the start of the time period has been chosen to closely align with some typical date for applying fertilizer or the return of rainfall after a prolonged dry spell, in general a nonzero phase shift will be needed if calendar dates are used to measure time. Euler's formula (equation 6) is often used in Fourier transformation of known functions where the complex number notation simplifies the integration required to calculate the Nth series coefficients (equation 7) of the Fourier transformation of function f(x) (Feynman 1977) .
For modeling of complicated, noisy, cyclical phenomena such as NO 3 -concentration of water in streams draining agricultural landscapes, the exponential formulation using complex numbers has no real advantage over equation 5 since the underlying function itself is unknown and the Fourier series approximation can only be run up to some small number of degrees of freedom before losing significance for any additional higher order terms.
If Fourier series analysis is conducted separately within individual years (or at individual sites) as well as on data pooled over all years (or sites), it becomes possible to test for the existence of significant year (or site) effects, either in general or for semiamplitudes and phase shifts separately (Bliss 1958) . Fourier analysis has several main advantages over other possible methods for analyzing time-varying responses such as NO 3 -concentrations of flowing streams. First, unlike polynomial regression, predicted values at the beginning and end of natural time period cycles such as days, months, or years are smoothly continuous with each other and, by definition, are identical after passage of a full cycle of time. Second, unlike analysis of variance methods that view discrete blocks of time (e.g., January 1 to 31, February 1 to 28…December 1 to 31) as independent levels of a time factor variable, Fourier analysis is not particularly disturbed by missing data or widely varying numbers of samples over time. Third, because Fourier analysis summarizes trends over the entire cycle period in a single regression with a relatively small number of terms, it is both possible and reasonably simple to divide a large collection of sites and/or years into groups of fairly homogeneous cases with statistically significant variation primarily among, rather than within, groups. In other words, it can try to answer the question of whether it really takes 120 separate models to adequately describe the patterns of NO 3 -or suspended sediment present at the outlets of 40 subbasins over three years. If many of the regressions are highly similar, using a far smaller number of models is not just good enough statistically, but actually better in the sense of being more easily understood by the human mind. Fourth, decomposing the signal into separate amplitude and phase angle components with Fourier analysis allows for the determination of whether sites and/or years differ solely in the magnitude of their responses, the timing of maxima and minima, or both.
Multiple sampling sites were established on tributaries to the Calapooia River in western Oregon for a CEAP competitive grants watershed project designed to evaluate impacts of agricultural practices on ecosystem services of interest. The subbasins analyzed included both independent and nested drainage types, with wide ranges in permanent tree cover, agricultural land use/cropping patterns, slopes, and soil types. Ecosystem services studied included abundance and diversity of biological indicator species along with the more traditional water quality measurements of nutrients and suspended sediment. Because none of the biological indicators exist within SWAT, it was necessary to develop original regression models of potential interactions among agricultural land use practices, water quality parameters, condition of biological indicator species, and watershed hydrology. The current manuscript describes relationships between water quality parameters as dependent variables and agricultural land use practices and hydrology as independent variables. One future manuscript will compare our current results with those from SWAT for water quality analyses, while several other future manuscripts will describe the complex relationships among biological indicators, agricultural land use practices, and water quality (as an independent variable influencing the biological indicators), elaborating on the earlier work by Floyd et al. (2009) .
Our general hypothesis was that variability in agronomic practices among subbasins of the Calapooia River basin would be sufficient to associate land use patterns and agricultural practices with variation in water quality. The specific objectives of this paper were to identify and characterize the sources of N and sediment active within 40 subbasins of the Calapooia River basin in western Oregon in monthly samples collected over a 40-month period covering three cropping years. overlapping polygons were created to measure land use, physical properties, and rainfall totals. Properties of the uppermost subbasins in nested groups were also applied to the larger, downstream subbasin within which they were nested. This method of analysis was adopted rather than a subtractive model to avoid the need for assumptions of steady state conditions and identical rainfall patterns among nested subbasins. Slopes were derived from the digital elevation model, and areas within each subbasin by slope class (in increments of 0.1% slope) were summarized to provide average subbasin slopes.
Materials and Methods

Hydrology
Sampling Procedures. Samples were collected directly into acid-washed, 250 mL (15.3 in 3 ) bottles from midway through the water column after first rinsing them with surface water and were transported back to the laboratory at the end of each day. Sites were sampled approximately monthly during the period from October 5, 2003, through January 22, 2007. Rainfall occurred on most days throughout the winter months, and the only adjustment made for weather events during sample collection was avoidance of extremely high flows during the largest storms in the interest of safety of project personnel. Many of the smaller, ephemeral streams dried up by early summer and, therefore, could not be sampled until they began flowing again in midautumn. A few individual sites were inaccessible in winter during periods of very high water discharge. Duplicate samples were collected 10% of the time, and laboratory blanks were routinely transported to and from the field. Most samples were collected within single day, although scheduling conflicts occasionally extended the sampling period out to two or three days. Actual dates for the majority of samples were ). Quality assurance measures included routine use of blanks, duplicate samples, and quality control check samples. Analyzing sample blanks validated the filter washing procedure. Suspended sediment concentration was quantified by weighing the dried sediment collected on 0.45 μm polycarbonate filters during the sample filtration process (Davis et al. 2007 (Davis et al. , 2008 .
Land Use Determinations. A detailed description of the drive-by, ground-truth census and remote sensing classification of agricultural production practices in the Calapooia River Basin has been published elsewhere (Mueller-Warrant et al. 2011) . We identified all crops grown on over 3,000 fields of the agricultural lowlands of the Calapooia River Basin, along with a stratified random survey of 1,800 fields in neighboring counties. Cropping years were viewed as running from August 1 of the previous calendar year through July 31 of the harvest year to match production cycles of grass seed crops, the dominant agriculture practiced in the Calapooia River Basin. From the entire list of crops, stand establishment conditions, and residue management practices used in western Oregon, we identified 16 specific cropping practices that represented approximately 96% of agricultural land use on the lowlands of the Calapooia River Basin. Cropping practices included established stands of perennial ryegrass (Lolium perenne L.); tall fescue (Schedonorus phoenix [Scop.] Holub); orchardgrass (Dactylis glomerata L.) and clover (Trifolium spp.) grown for seed; new fall plantings of perennial ryegrass, tall fescue, and clover grown for seed; new spring plantings of any grass seed crop; Italian ryegrass grown using either conventional tillage methods or volunteer stands under full-straw load management; pasture; hay crop; peppermint; cereals (primarily winter wheat); meadowfoam (Limnanthes alba L.); and bare ground in the fall planted to other (mostly annual) crops in the spring or summer. Remote sensing classification of these 16 major cropping practices was conducted at an average accuracy of 83% over a three-year period (harvest years 2005, 2006, and 2007) for nearly the entire Willamette River Basin using images from Landsat and MODIS satellites trained with the 16 cropping practices from the ground-truth GIS. Division of the agricultural landscape into disturbed ground versus permanent crops was done for each year by grouping established stands of perennial seed crops with pasture, hay crop, and peppermint as permanent cover. The remaining nine classes of the remote sensing classifications were viewed as disturbed ground. Division of the landscape into disturbed ground versus permanent crops had an average accuracy of 93% in our remote sensing classification. Permanent tree cover over the same spatial footprint was defined on the basis of late summer, normalized differential vegetation index for the period from 1992 through 2003 (unpublished data). Pixels neither classified as trees nor as one of the 16 cropping practices were assigned values based on an unpublished 56-category classification for 2008, which relied in large part on the 2001 National Land Cover Dataset (NLCD) (Homer et al. 2001 ). Our classification methods caused NLCD open water and wetland classes to be divided up among forested, agricultural, and urban land use categories. Because of the preponderance of forests and agriculture in the Calapooia River basin, regression models would generally only run with either percentage forest or agriculture in them, but not both, due to collinearity.
Weather Data. Daily weather observations were made at the nearby National Weather Service Cooperative Observer weather station at the Hyslop Crop Science Field Laboratory located 10 km (6 mi) northeast of Corvallis, Oregon. This station was 4.2 km (2.6 mi) NW of the nearest edge of the Calapooia River Basin boundary, 29 km (18 mi) from the center of the 40 subbasins, and 36 km (22 mi) from the center of the entire basin. Additional data were obtained using portable weather stations placed in multiple fields within the agricultural cropping area of the Calapooia River Basin. Most portable stations changed location from year to year and provided weather data over a total of 12 site-years for the period from January 2003 through January 2007. The portable stations recorded rainfall at 15-or 30-minute intervals, and these data were composited into 24-hour daily totals ending at 8 a.m. to match the official weather station methods. Based on the number of weather stations active any single day, rainfall was interpolated to the subbasin centroids using inverse distance weighting.
Statistical Procedures. Associations among variables were tested using simple linear correlation, ordinary least squares (OLS) regression, and analysis of variance. All land use classes were analyzed as areal percentages per subbasin rather than the raw, nonnormalized areas. Characterizations presented in the study include seasonal patterns quantified by Fourier time series analysis and regressions of individual sample N form (total, NO 3 − , NH 4 + , and dissolved organic N [DON]) and sediment concentrations versus subbasin tree cover, slope, and agricultural practice categories. Agricultural cropping practices (i.e., the 16 remote sensing classification categories) were analyzed individually and composited into groups using either of two different methods. The first method was the contrast of low and high physical disturbance levels over each cropping year previously described under the "land use determinations" section. The second method was grouping of agricultural cropping practices on the basis of similarity among their linear correlations for water quality parameters versus percentage of subbasin area devoted to each crop. Specific cropping practices grouped on this basis are listed below in the "Associations between Land Use Factors and Total Nitrogen" section. Some analyses were conducted over the entire 40-month sampling period, while others were restricted to single cropping years. For total N, separate regressions were conducted across all available subbasins on each sampling date, along with regressions that pooled samples for high flow periods in which data from either 39 or all 40 sites were available. Missing sites in these cases either represented inaccessible conditions or sampling error rather than true absence of streamflow. In addition to the correlations and regressions explored for total N, we also tested relationships of sediment with total rainfall over periods of 1 to 14, 17, 21, 28 A separate approach for identifying similarities among subbasins used Fourier time series analysis of the total N or sediment data at each site, followed by grouping of the sites on the basis of similar time series behavior. Within the general groups identified on the basis of Fourier analysis of total N at individual sites, we conducted Fourier analysis of the pooled data along with additional regression variables. After the best set of variables for OLS regression was identified, we conducted geographically weighted regression (GWR) (Fotheringham et al. 2002; Mitchell 2005) using ArcGIS Modeling Spatial Relationships Toolset (ESRI 2010) to test for the presence of spatial autocorrelation within our variables. GWR was conducted using the default neighborhood distance and the adaptive kernel option. GWR was used to calculate separate regressions in the neighborhoods of each point, either validating the results of OLS or showing that regression coefficients were not stable over space.
Results and Discussion
Precipitation and Streamflow Patterns. Rainfall in western Oregon typically peaks in December, with a monthly average of 181 mm (7.13 in), and then slowly declines to an average minimum of 9 mm in August (figure 2). Over the sampling period from October of 2003 through January of 2007, precipitation averaged slightly above normal during late fall through early winter but near normal when viewed across the entire 40-month period. The 2004 through 2005 cropping year was drier than the preceding or following years, both of which experienced slightly above normal precipitation, especially during winter. The US Geological Survey operated two gauges on the Calapooia River until late 1981, and the difference in discharge between the downstream station at Albany and the upstream one at Holley illustrates typical streamflow patterns seen in the region (figure 3). The general curve for streamflow closely matches the average rainfall pattern, with a slight delay in winter caused by accumulating snowpack at higher elevations. The raw monthly streamflow data, however, showed extreme variation during winter and early spring, with flows approaching zero in some years and reaching twice normal in other years. Flow can be even more erratic in ephemeral streams whose headwaters lie in agricultural fields, and the number of successful water quality samples ranged from a low of 21 to a high of 41 over the 40-month period of our study (figure 4). Streams ran almost continuously at 10 of the sites, with an average of less than one sample missed, whereas an average of 10 samples were missed at the other 30 sites, most commonly those attempted in August, September, and October. The strong seasonality of streamflow in western Oregon imposes serious limits on our ability to interpret nutrient or sediment concentrations in our samples as implying total load exported from subbasins. However, if peaks in concentration occur nearly simultaneously with peaks in streamflow (using rainfall as a proxy), differences in concentration among subbasins in the winter can be reasonably interpreted as differences in load. A more rigorous treatment of this subject will await publication of results from using SWAT. The number of successful sampling events ranged from highs of 41 at three sites to a low of 21 at site 17, with an average of 33 successes during the 40-month period (figure 4) . Because results of most analyses using NO for which water was flowing at all sites. The seven pooled crops (i.e., disturbed ground planted to nongrass seed crops, established perennial ryegrass, established orchardgrass, established tall fescue, established clover, and fall-planted new stands of perennial ryegrass and clover) all had similar values for simple linear correlations of total N versus percentage subbasin area prior to being pooled (data not shown). All five of the grass seed crops in this pooled group would typically have received similar rates of spring-applied fertilizer, and the ground would be nearly bare of vegetation for all seven crops from late summer through midfall until rains arrived to either rejuvenate dormant oversummering perennial plants or germinate seeds.
When regressions were conducted at individual sampling dates, significance of the overall regression was lost for September 1 and September 24, 2004 , August 25, 2005 , and July 8, 2006 , dates with many missing sites due to nonexistent streamflow. For regressions conducted at individual dates within the six and five sample collection dates pooled in the 2005 and 2006 harvest years, coefficients for trees were negative in all cases and significant at the p ≤ 0.05 level in 9 of 11 cases. Coefficients for seven pooled agricultural crops were positive for all 11 sample dates and significant at the p ≤ 0.05 level in 8 of 11 cases. Coefficients for Italian ryegrass were negative for 10 of 11 dates and significant at the p ≤ 0.05 level in 6 of 11 cases. Sizes of the regression coefficients varied substantially between the two years, with the most stable values being the coefficients for the seven pooled agricultural crops. The positive sign of the coefficient for this variable indicates that higher percentage of land in these crops was linked to higher concentrations of total N in streams draining the subbasins. Similarly, the negative sign of the coefficients for the other two explanatory variables (trees and Italian ryegrass) indicates that higher percentages of land in these variables were linked to lower concentrations of total N in water.
Time Series Total Nitrogen Analysis. When Fourier time series analysis was conducted for total N at each site over all available sampling dates, several distinct patterns appeared. The overall Fourier analyses were significant at 28 of the 40 sites when conducted at third order, although significance could be also achieved for some of the remaining 12 sites if Fourier analysis was simplified down to second or first order (data not shown). Among the 28 sites with significant third order time series effects, peak total N values in the raw data reached up to 1.8 mg L -1 at the 9 sites we refer to as the low N impact, type I group (figure 6a). Peak total N values reached up to 8.1 mg L -1 at another 7 sites, which we refer to as the medium N impact, type II group (figure 6b) . Peak total N values reached up to 21 mg L -1 at 12 sites, which we refer to as the high N impact, type III group (figure 6c). The 12 other sites (those with nonsignificant third order time series effects) also tended to have the largest total N concentrations, with values up to 43 mg L -1 in the type IV group (figure 6d). When pooled data for each of the four groups were subjected to Fourier analysis, the time series responses were significant at the p ≤ 0.001 level for groups I, II, and III. The time series response of the pooled group IV sites was significant at the p ≤ 0.01 level, despite the lack of significance in all 12 individual sample sites that made up this pooled group. Ratios of the predicted maxima to , with a peak in very late fall representing the combined effects of mineralization of N during the late summer depletion of available (near-surface) soil moisture followed by a period of decreasing temperatures and increasing precipitation, which elevates the export of N from forests and grasslands. Timing of the NO 3 − concentration peak is the same as that reported on the Pudding River at Aurora, Oregon, in 1993 through 1995 (Wentz et al. 1998) . After this N export peak, warming temperatures, increased plant growth and transpiration rates, and decreased rainfall intensity returned N losses to baseline levels for late winter and spring, and to even lower levels in summer when precipitation and streamflow diminished markedly.
The type II and type III sites differed from the type I sites mainly in the size of N fluxes. Vertical scales in figure 6b and figure 6c were increased by factors of 5-fold and 2.5-fold over those in figure 6a and figure 6b , respectively, in order to successfully display all the data. Predicted maxima increased from 0.7 mg L -1 for type I to 3.6 mg L -1 for type II and to 8 mg L -1 for type III, similar to the relative magnitude of y-axis scale changes
Figure 7
Sediment in mg L -1 (ppm) versus Julian date for the same four groups of sites as categorized on the basis of total nitrogen (N) in figure 6. Regression lines are from third degree Fourier series approximations of the four groups and are significant at the p ≤ 0.001 level for figures a and c, and at the p ≤ 0.01 level for figures b and d. Predicted minima, maxima, and maximum:minimum ratios for regressions are (a) 4.3, 26.3, and 6.12; (b) 11.5, 30.5, and 2.66; (c) 11.6, 37.8, and 3.26; and (d) needed for displaying data. One interpretation of the similarity in temporal patterns among types I, II, and III subbasins is that the major difference among them was simply how much extra N had been added to the system. Despite the substantially larger N fluxes in type II and III subbasins, the processes determining N retention or loss from the system presumably remained similar. Apparently this was not quite the case in the 12 subbasins showing type IV behavior. Even though there were smaller numbers of data points during the summer months than during the fall, winter, or spring months in figure 6d , all values exceeding 30 mg L -1 total N occurred between May and August. These large summer values were partially offset by the more numerous, lower values during the rest of the year, resulting in a very weak time series signal that described only 5.7% of the observed variation in total N in the type IV subbasins. The total N results for type III and IV subbasins were generally similar to findings from early studies of erosion and water (Harward et al. 1980) . Those studies found highest concentrations of NO 3 − in runoff from wheat fields in late fall and early winter, declining concentrations in the spring, and occasional spikes in both NO 3 − and NH 4 + ions during the first rainfall events following spring-time fertilization, with 120 to 140 kg ha -1 (107 to 125 lb ac -1 ) N from ammonium nitrate. Sediment Analyses. Simple linear correlations of suspended sediment concentrations vs. subbasin physical properties and land use patterns were lower than those calculated for total N (data not shown). The most promising relationship for sediment concentrations was a weak correlation with subbasin percentage of agricultural land disturbed within the current cropping year. Nevertheless, r 2 values for regressions of sediment concentrations from the six sampling dates pooled in the 2005 harvest year for total N and the five dates pooled in 2006 were only 0.232 and 0.125, respectively (data not shown). Because much of the variation in sediment concentration remained unexplained by the factors that were fairly strongly associated with total N, we considered other variables more likely to be associated with erosion of the soil surface and catastrophic failure of stream banks.
One such group of variables consisted of rainfall totals within defined numbers of days prior to the sampling dates. Simple linear correlation identified the strongest relationships with sediment for rainfall totals in periods of 4 and 14 days prior to sampling, although there were differences in the exact number of days for peak effect. Occurrence of these minor differences was based on whether we analyzed sediment over the full 40-month sampling period or conducted separate analyses for each growing season. Rainfall during the last day before sampling was poorly correlated in some years but strongly correlated in others, which may reflect whether the actual timing of rainfall events allowed runoff to reach the downstream sampling sites. Values of 4 and 14 days were optimal for peak correlations when the whole time period was used and were near the peaks when analyses were conducted within individual years. Such results were consistent with the findings of Harward et al. (1980) and Istok et al. (1985a and 1985b) that implicated saturated soil conditions during periods of prolonged rainfall events as the most important cause of soil erosion in western Oregon agricultural fields. They found that total rainfall during antecedent periods of 2 to 7 days possessed stronger relationships with sediment concentrations and total soil loss than precipitation amounts or intensity during the actual day of the runoff event.
As part of our attempts to understand variation in sediment concentrations, we conducted Fourier analysis of sediment over the entire 40-month sampling period for all individual sites and for pooled sites for each of the four N impact groups. Nearly all Fourier transformations for individual sites were nonsignificant (data not shown). When analyzed in the type I, II, III, and IV N impact groups, time series signals for sediment concentration were weak but significant in all four groups (figures 7a, 7b, 7c, and 7d). The range of values was similar for all groups, and so the y-axis scale was kept constant. All four groups displayed one peak in the winter, representing the primary peak for subbasin types I and II and a secondary peak for subbasin types III and IV. High rainfall, long-duration events common in western Oregon were the obvious cause for peaks during the winter, as reported previously by other researchers (Harward et al. 1980; Istok et al. 1985a and 1985b) . Peaks that occurred in August for subbasin types III and IV likely had a different cause. One possibility is that they represent low flow conditions where sediment originated from physical disturbance of small stretches of stream channels (possibly by livestock) rather than surface erosion of soil across large field areas. The low N impact type I sites showed the strongest time series behavior in sediment concentrations, with predicted maxima and minima differing by a factor of 6.12-fold, nearly twice that found in the other three groups. The type I sites also showed the fastest decline in sediment concentrations, dropping from a peak on January 1 to a minimum on March 23. This limited duration of high sediment flows at the type I sites relative to the others is an example of the greater resiliency of a system less disturbed by tillage and other crop management practices.
OLS regression of sediment using independent variables of rainfall totals in 4-and 14-day periods prior to sampling along with percentages of agricultural land disturbed within each growing season provided higher r 2 values than those resulting from Fourier analysis (table 4 and figure 7). The coefficient for the 4-day prior rainfall total was 3.2 times the size of the 14-day prior rainfall coefficient, similar to the ratio of the number of days in the two periods (14:4 or 3.5 times). This similarity suggests that similar processes were at work over both time periods, presumably a mixture of surface erosion and stream bank failure. A GWR analysis using the same variables showed increased r 2 and decreased Akaike Information Criterion relative to OLS. When we changed from the default neighborhood method in ArcGIS to the adaptive kernel option, Akaike Information Criterion improved (i.e., it decreased). Compared to OLS, the average GWR intercept increased slightly (from 4.66 to 6.53), the average 4-and 14-day prior rainfall total coefficients remained nearly the same, and the disturbed agriculture coefficient increased by 3.2-fold (table 4). While many of the local GWR coefficients were similar to the global OLS coefficients, not all the local coefficients were significant. For the 4-day prior rainfall variable, none of the local coefficients had signs opposite to the OLS results, and 260, 326, and 694 of them were significant at the p ≤ 0.05, 0.10, and 0.20 levels, respectively. For the 14-day prior rainfall variable, none of the local coefficients had signs opposite to the OLS results, and 376, 531, and 730 of them were significant at the p ≤ 0.05, 0.10, and 0.20 levels, respectively. The somewhat higher numbers of significant coefficients for the 14-day prior rainfall variable suggests that it may be a slightly more reliable predictor of suspended sediment than the 4-day prior rainfall variable. In OLS regression, Student's t-test for the 14-day prior rainfall variable was a little higher than for the 4-day prior rainfall variable (5.37 vs. 4.73), although both were significant at p ≤ 0.001. Results for the disturbed agriculture coefficient in GWR were less stable than those for the prior rainfall variables. The sign of the disturbed agriculture coefficient changed from positive in OLS regression to negative in GWR in 293 of the 1,368 cases, although none of the negative coefficients were significant at the p ≤ 0.05 level. Positive coefficients were significant in 292, 292, and 395 cases at the p ≤ 0.05, 0.10, and 0.20 levels, respectively. Negative coefficients were significant in 31 and 201 cases at the p ≤ 0.10 and 0.20 levels, respectively. The spatial variability in the disturbed agriculture coefficients for GWR suggests that other (as yet unmeasured) variables might improve predictions of sediment concentration as a response to land use and agricultural production practices.
Time Series Effects and AgronomicFactors on Nitrogen and Sediment. To better understand the roles of land use patterns and agronomic practices on N fluxes, we combined Fourier time series analysis with regression of factors that had influenced total N or sediment in analyses without temporal factors. In addition to areal percentage of trees, seven pooled agricultural crops, and Italian ryegrass, rainfall totals in the 4 days prior to sampling had a significant negative effect on total N when analyzed over all subbasins in combination with Fourier analysis (table 5) . Addition of land use and agronomic practices changed values of the Fourier time series coefficients, but the Fourier amplitude and phase-angle factors with the greatest statistical significance showed the smallest changes. Coefficients for trees, seven pooled agricultural crops, and Italian ryegrass maintained the same arithmetic signs they possessed in the regressions without a Fourier component in all cases, except the seven pooled agronomic crops for the type II subbasins. We were unable to include the seven pooled crops or Italian ryegrass in analysis of the type I subbasins because of the total absence of Italian ryegrass and the near total absence of the seven pooled crops within those subbasins. Coefficients for trees, seven pooled agronomic crops, and Italian ryegrass from regressions over all subbasins and dates (table 5) were more similar to those from the continuous flow periods of the 2005 harvest year (table 2) than of the 2006 harvest year  (table 3) . The negative sign of coefficients for 4-day prior rainfall in regressions over Table 5 Regressions among the four nitrogen (N) impact subbasin types of total N versus Fourier transformation of Julian date, areal percentage of trees, seven pooled agricultural crops, Italian ryegrass, and rainfall totals for 4 days prior to sampling.
Overall statistics
Regression coefficients and significance levels Note: Letters represent significance levels: a is for p ≤ 0.2, b is for p ≤ 0.1, c is for p ≤ 0.05, d is for p ≤ 0.01, and e is for p ≤ 0.001 for overall regressions and individual regression coefficients. NS denotes nonsignificance. F-test of full versus reduced regression models was 6.37, with 27 and 1,286 degrees of freedom, significant at the p ≤ 0.001 level.
* NA indicates that variables were not included in regression due to absence of useful variation among the type I subbasins. all subbasins and within just subbasin types III and IV can be interpreted as a signal of dilution of N by heavier rainfall. This effect was only apparent when the seasonal N pattern was already represented by Fourier time series. Rainfall totals in the 4 days prior to sampling affected sediment but not total N in simpler regressions conducted without the Fourier time-series factor. The variables included in analyses for sediment that had been identified in regressions without a temporal factor (table 4) generally retained their significance when Fourier components were included (table 6). Rainfall totals in the period of 4 days prior to sampling were highly significant when analyzed over all subbasins and for subbasin types I and II, with marginal significance for subbasin types III and IV. The 14-day prior rainfall variable was significant in all cases except subbasin type II, and coefficients were generally close to their expected values of 28.6% of the 4-day coefficients. Effects of annually disturbed agriculture on sediment were significant in regressions over all subbasins and for subbasin types III and IV. Coefficients for annually disturbed agriculture were larger for subbasin types III and IV than they had been for regressions over all 40 subbasins.
The temporal signal for DON as percentage of total N at type I sites was weak, with a minimum of 39% on December 31, a maximum of 69% on October 3, and r 2 of only 0.112 (data not shown). The temporal signal at Type II and III sites was strong, with predicted maxima near 92% on September 5 and August 19, predicted minima of 23% and 17% on December 22 and December 31, and r 2 values of 0.451 and 0.462 (data not shown).
We interpret the strong temporal signal in DON at the type II and III sites as the combined result of two processes: (1) the dilution of biological sources of DON by high levels of NO 3 − in the winter and (2) the appearance of urea-based fertilizer sources of DON in the rest of the year, especially spring.
As a final method to identify and characterize the sources of N present in the Calapooia River basin, we graphed the relationship among N components as NH 4 + percentage of dissolved inorganic N (DIN) on the x-axis versus DIN percentage of total N on the y-axis for each of the four subbasin types (figures 8a, 8b, 8c, 8d). For each of the figures, we identified points that fell within three broad classes of total N concentrations (i.e., <0.25, >0.25 and <2, and >2 mg N L -1 ). For type I sites, the preponderance of samples fell between 20% and 80% DIN of total N and 0% to 20% NH 4 + of DIN (figure 8a). By our definition of type I sites, none of the samples exceeded 2 mg total N L -1 . The major obvious change going from type I to type II sites was the increased prevalence of samples high in NO 3 − and low in NH 4 + and DON (figure 8b). Many of the points clustering in the >60% DIN of total N and <10% NH 4 + of DIN region of the graph represented samples with high total N concentrations. Comparing graphs for the type III versus type II sites, even more of the samples were clustered in the high NO 3 − and low NH 4 + and DON region, with a preponderance of points exceeding 70% DIN in total N and less than 5% NH 4 + in DIN (figure 8c). Individual high total N samples were scattered across most of the graph. The primary change going from type III to type IV sites consisted of an even greater concentration of points in the high NO 3 − and low NH 4 + and DON region of the graph (figure 8d). Several of the >2 mg N L -1 total N samples from the type IV sites fell in the >90% NH 4 + in DIN region of the graph, likely a result of livestock access to those streams during periods of low flow in the spring and summer. It is likely that these highest NH 4 + concentration sites were not the highest exporters of NH 4 + due to large seasonal variation in rainfall and streamflow.
Associations between Land Use Factors and Total Nitrogen. The lower concentrations of N associated with Italian ryegrass were likely due to agronomic practices commonly used to produce this crop. Most stands of Italian ryegrass are not fertilized in the fall and are often fertilized at only relatively low rates in the spring. Secondly, this crop produces relatively high yields of straw (despite low fertilization rates), which are usually left in the field due to lack of interest in using the straw as animal feed. As a consequence, it is either incorporated into the upper 10 to 15 cm (4 to 6 in) of soil through shallow disking, flail chopped onto the surface, or trampled into the soil by sheep that graze the dense stands of volunteer seedlings that develop in multiple-year Italian ryegrass seed fields. Thirdly, Italian ryegrass is commonly grown on poorly drained soils that experience anaerobic, reducing conditions throughout much of the winter, a situation favorable for denitrification. Rates of denitrification enzyme activity measured in a grass seed field were as high as those in a nearby riparian zone, implying substantial ability to remove excess NO 3 − when soils become saturated in 
the winter (Davis et al. 2008) . The association of Italian ryegrass crops with lower N in water at subbasin outlets is of special interest given the common practice of grazing Italian ryegrass fields with sheep. The frequent presence of sheep within waterways that drain the fields would be expected to contribute manure-derived N to adjacent waterways. Our explanation is that lower rates of fertilizer, immobilization of N by decaying straw, and denitrification in waterlogged soils more than compensate for the contribution of N from manure. The association of greater concentrations of N from the seven pooled crops could be attributed to a number of factors. Crops that involve late summer tillage and fall planting of small-seeded species risk surface runoff loss of NO 3 − -N during rainfall events in the fall and winter until the new crop finally achieves canopy closure and an extensive root system. In addition to NO 3 − produced by mineralization promoted by tillage during seedbed preparation, low rates of N-containing fertilizer (11 to 17 kg N ha ) are commonly applied in bands during fall planting, and larger amounts of urea are broadcast-applied in late winter through midspring. Due to mineralization that occurs from June through October, established fields of perennial grasses grown for seed, such as perennial ryegrass, orchardgrass, and tall fescue, accumulate NO 3 may not be taken up because these crops are relatively dormant until rains arrive in midfall. This mineralized N can be a significant source of surface and shallow ground water NO 3 − -N during the late fall and early winter months that are characterized by relatively high amounts of precipitation in western Oregon (unpublished data). In addition to this natural source of N, low rates of fertilizer (17 to 34 kg ha ) may be applied in the fall, followed by applications of 110 to 170 kg ha -1 (98 to 152 lb ac -1 ) N in late winter through midspring (Canode and Law 1978; Loeppky and Coulman 2002; Young et al. 2003 Young et al. , 2004 .
Time Series Total Nitrogen Analysis. Combined with knowledge of agronomic practices employed by many grass seed farmers, the relative absence of temporal patterns in total N measurements in type IV subbasins becomes surprisingly informative. The high N sampling events at a given type IV site did not recur on or near the same Julian date in other years because if they had, there would have been a significant time series effect. The largest fertilizer applications to grass seed crops must be made during the period from late February through early April in order to maximize crop yield (Nelson et al. 2006; Young et al. 2003 Young et al. , 2004 . Fertilizer is seldom applied during the period from early November through mid-February because soils are usually too wet to support application equipment and to avoid the risk of losing large quantities of N to surface runoff (Nelson 2005) . Even though our knowledge of the specific agricultural management practices applied to individual production fields was inadequate to fully characterize actions responsible for the sporadic fluxes of high N concentrations in type IV subbasins, the year-to-year inconsistency in timing implies either poor implementation of recommended management practices or the failure of recommended management practices to deal with extreme weather events. In either case, once the specific management practices and weather events responsible for the unusually high concentration of N have been identified, there is reason to believe they can be mitigated, effectively changing these subbasins from type IV into type III with regards to N transport. This change could reduce the average total N export from the former type IV subbasins by 24% (based on the intercept coefficients of Fourier analysis of type III and type IV groups) and likely have greater impact on reducing the highest concentration events.
Likely sources for episodic release of high concentrations of N from single fields could include the following: (1) direct application of fertilizer to water flowing through seasonal drainage ditches within fields that are dry enough outside of the ditches to support application equipment, (2) occurrence of heavy rainfall within the first few days after application of fertilizer, (3) decomposition of livestock carcasses located near seasonal drainages, and (4) application of manure or wastewater effluent. Since these sources should have differing proportions of NH 4 + , NO 3 − , and DON within their total N pools, we examined the full set of laboratory measurements of N and P species, dissolved organic C, and suspended sediment in the set of samples that constituted the highest 2% of total N content, reporting these 26 cases in − only for the event ranking number 1 case, the extremely high total N measurement on May 26, 2005, in subbasin 30, which, as previously mentioned, included the town of Shedd, Oregon. Livestock were frequently present at this sample site, and the levels of N species correspond to typical components of bovine manure. Moderately high DON levels (>20% of total N) can be a consequence of recent application of urea-based fertilizers, and such conditions occurred in many of the highest 26 total N events (event ranking numbers 2, 5, 6, 7, 9, 10, 13, 14, 21, and 23) . Only 1 of the 26 cases (event ranking number 18 at subbasin 31) was highly similar to the ammonium nitrate-fertilizer runoff event of March 23, 1978, reported by Harward et al. (1980) . Replacement of ammonium nitrate by urea as the primary N fertilizer used in western Oregon explains the shift from the ammonium nitrate fertilizer signal occasionally found in water samples 40 years ago to the urea signal sometimes seen today.
Conclusions
The positive correlation between loss of total N from subbasins and production of seven common (mostly grass seed) crops suggests that farmers ultimately lose substantial fractions of their applied N. However, the preponderance of N in streams draining agriculturally dominated subbasins was in the form of NO 3 − , implying mineralization of N that had been cycled through plant growth in crop production systems. Sporadic occurrence of high total N and low NO 3 − surface water samples (especially within the subbasins most strongly impacted by N) suggests that urea-based fertilizers may sometimes be applied too closely in time to heavy rainfall or too closely in space to flowing water. Given recent increases in fertilizer prices, economic incentives to reduce N losses clearly exist. Because N use efficiency of western Oregon grass seed production (in cases where both straw and seed are harvested) already exceeds the worldwide average efficiency of 33% (and the developed-nations average efficiency of 42%) for cereal production (Raun and Johnson 1999) , large gains in efficiency in grass seed may be challenging to achieve. Wide variation in total N concentrations, even among subbasins with over 90% of their land in agriculture, suggests that practices which avoid the highest N losses must exist locally. While the N impact patterns we defined as types II, III, and IV were all present in subbasins fully dominated by agriculture (from 93% to 100% of land in crops or pasture), type IV behavior was also seen in a subbasin with less than 18% agricultural land use. Even though livestock production was a relatively minor component of Calapooia River basin agriculture, some of the most dramatic reductions in N concentrations of surface water may well come from improvements in livestock management practices. Improved N management of crops will likely achieve small, incremental decreases in N export to streams, although more dramatic benefits may occur in a small number of cases. Table 7 Total nitrogen (N) ranking, subbasin site, N impact group, sample acquisition date, total N, ammonium nitrogen (NH 4 + -N), nitrate nitrogen (NO 3 --N), dissolved organic N (DON), dissolved organic carbon (DOC), ortho-phosporus (ortho-P), and total P for the highest 2% of samples in total N. 
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